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Modification of the AN/TRC-97A

Antenna System

1. INTRODUCTION

In response 10 a request by RADC/DCCT, RADC/EEAA undertook the task of
investigating the feasibility of improving the sidelobe structure o the AN/ TRC-97A
Troposcatter Antennas,  The approach taken in this study was to evaluate options
that would, in varving degrees, utilize the present reflector and so achieve a svstem
improvement at low cost to the government, The options, ranked in order of in-
creasing complexity and cost are to simply alter the feed horn illumination on the
main lens, to reduce or redistribute feed blockage il possible, to use a Cassegrain
configuration with a small subreflector for low blockage, and finallv 1o procure an
offset reflector antenna with a highlv tapered iltumination,  ‘This report includes
theoretical studies in Appendices A and B that address these options, and in addi-
tion it presents experimental data of a potentially low cost option that lowers the

sidelobes in the azimuth plane at the expense of clevation plane sidelobes,

2. GENERAL DISCUSSIONS

Existing AN/TRC-97A Trovoscatter Antennas were designed more than ten

vears ago during an cra of modest FOM/ARM capability,  Consequently design

(Received tor publication 3 October 1980}




emphasis on extremely low sidelobe levels, a must in todav's ECA environment,
was not required. A sketeh ol the original parabola and feed horn assemblv s
shown in Figure 1. The sidelobe level in the immediate proximity to the main beam
is due to the tollowing:

(1) Aperture iltumination of the reflector by the teed,

(2) Distoruion and/or manufacturing tolerances of the reflector,

(3) Aperture blockage due to the feed structure,

The wide angle sidelobes are due primarilv to spillover energy radiated by the
feed and not intercepted by the reflector.  No attempt was made in this study to
address this problem because of the dominance of the near sidelobes,

The approach taken in this study was to conduct a theoretical investigation
coupled with an experimental modification program.

1. Theoretical investigation: to determine

(a) Effect of feed blockage,

(b) Analysis of sidelobes predicted by a Cassegrain svstem,

(¢) Best sidelobe structure possible with other alternatives,

2.  Experimental investigations:
(a) Redesigning the feed horn,
(b) Rerouting existing waveguide runs to reduce the blockage

sidelobes in the azimuth plane.

| 180° Figure 1. \v)r'tginul I'eedhorn
L4 and Wiveguide s embly




3. THEORETICAL RESULTS

The theoretical investigations were conducted by Ronald .. Fante, and the re-
sults presented are in the letter report of 4 January 1980, ' A Study of the Effect
of Feed Blockage on the AN/TRC-97A Antenna' (sce Appendix A) and the letter
report of 20 February 1980, "Analysis of the kffect of Subreflector Blockage on
the Radiation Pattern of a Cassegrain Modification to the AN/ TRC-9,A Antenna”
(see Appendix B). The results suggest: (1) that changing dish illumination will not
significantly reduce the sidelobe levels as the computed datu indicate thut the
primary source of the sidelobes is strut and waveguide blockage; and (2) that be-
cause of subreflector blockage it does not appear possible to design o Casseprain
(monopod) modification to yield sidelobes less than -30 dB; but that degrec of im-
provement is likely possible using the present reflector tolerances and with carceful
engineering of the subreflector size and taper. Recent results with offset fed
reflector antennas indicate that far better sidelobe structures can be obtained by
these configurations at the possible expense of some polarization deterioration.
This is an issue that must be considered further should the decision be taken to
seek very low sidelobe patterns.

Figures 2 and 3 show the plots of the calculations made by Funte for both
polarizations of: (1) The Cassegrain-Monopod cuasc; and (2) the best possible case
attainable with the existing system having optimum dish illumination with no block-
age. The two cases are compared witn the patterns of the original antenna, ob-
tained from RADC/DCCT. Figure 2 is a comparison of the vertical polarization
patterns while Figure 3 compares the horizontal polarization patterns.

Note that to the muin beam there is little advantage to using the Cassegrain
system, as the sidelobe level remains high; however, bevond 2 10° 4 distinct

advantage is obtained as the sidelobes are reduced considerably.
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o EXPERIMENT AL INVESTIGATION OF A COMPROMIS
ALTERNATIVE

1
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i shown i the Appendices that changing the dish illumination of the existing
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5. CONCLUSIONS

It is apparent from Ronald [., Fante's calculations and these measurements
that no simple solution exists that will result in reduction in the sidelobe level of
the AN/TRC-97A antenna bevond =30 dB. To achieve an appreciable impeovensont
over the existing waveguide-feed combination an oltsct fed svstem should be con-
sidered. ({(See for instance RADC Report TR-77-313 entitled "ECCM Antonna
Development' by RCA and RADC Report TR-77-2204, "Design of Purabolic Cvlinder
Reflector System with Low Sidelobes™, R. L. Fante.)

Another alternative that would vield lower sidelobes than the existing feed
structure in the azimuth plane, but cause some degradation in the elevation plane,
would be to relocate the feed structure as in Figure 4 of the experimental work,
This results in a sidelobe decrease of approximately 10 dB3 in the main bean area
of the azimuth plane patterns (1 107) and a sidelobe improvement ot about 7 db3

bevond : 107,
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Appendix A

A Study of the Effect of Feed Blockage
On The AN/TRC-97A Antenna

We have studied the effect of teed blockage on the performance of the AN TR
QTA antenna. A drawing of the front view Hf this antenna s shown an Fipure AL

In tho absence of anv blockage the treld radiated by this antenna can be wrirten s

27 R”
i ! . ) e (oS oS - !.
(()(f ) f A.)” rode () exp { Ptk tsimnoe cos (O o())’
4y o)
¥} 1 Il.) l
T R” f ds s Y (KR simes ) (AL
(8] (8] )
’
where H) = 4 ttas the radius of the parabolic retlector, (e s the aperture taper
and J () 1= g Bessel tunction, Also K 25 A, A 2.0 anch,
o

In the vealistic svstemn there 15 blockue- due to the strats, the wasegundes,
and the teed assembly, By using data in the Radar C ross Section Han Hnmkl W
have calculated the etfective blockage width (for A 2.0 ang ) o the wavepundes
and the struts, These are summarized an Pable AT The hlockage e o che e g
assembly has been approximated by o errcular blockage regran o radins “1' I

cquivalent modei s shown i Frgure AL,

1. Radar Cross Section Handbook, George Kuck, FoL, Plenaen Proess, ol
(Chapter ),
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If f(r) is relativelv constant over 0 ~ = * RI we can approximate f(r) 1 1 the

second termoan Fa, (A2), Upon performing the integrals we then get i
| 4
P - ) »’l(k thlll ) 4
(i, 2 € [ - 2 -2 _ )
I RS & MR e 3
KW 2
bl
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In writing kq. (A4) we have ignored the effect of strut blockage in the 9 - 0° plane,
because it has the same beamwidth as the unblocked pattern.

Equations (A3) and (A4) have been evaluated numerically and the results are
shown in Figures A3 through A6. Also shown on Figures A3 through A6 is measured
dala.3 Note that the theory predicts roughly the same blockage sidelobe levels as
are measured .,

In Figure A7 we show the calculated pattern {using Egq. A1) for the case when
all blockage is removed, but the illumination on the dish has the same taper f(r) as
the present AN/ TRC-9TA, In Figure AT we also show the radiation pattern which
would be obtained if the only blockage were a 5-in, (h’zum-h'x“lK circular region at
the center of the aperture,  This is tvpical of the tvpe ot blockage which would be
present i1 the illumination were produced using a dielectric-supported subretlector,

The sidelobes shown in Figure A7, for the case of the 3-in, didmeter circular

blockage, are not improved significantlv by reducing the edge taper on the retlector,

This is evident trom Figures A8a and A8b, where we compare the radiation pattern
ol the reflector (with 5-in, and 10-in, diameter cirvcular blockage) for the case
of -12 dB edge illumination with -26 dB edge illumination.

We have also calceulated the residual sidelobe levels which are produced by
tolerance errvors in the construction of the AN/TRC-87A reflector. The specilied
rms surface tolerance is 1. 16 in., but the lateral correlation length is unknown.

. . .3
I'he average sidelobe tevel at ¢ due to tolerance errors is

k2262 k242 sin® 0 4 (b
O Lk W (*T_) (*) (AB)
R” -
O

where 615 the rms surface error and a is the surtace-error correlation length,

The worst-case sidelobes occur fora  2/k sin 4, We then goet

” ,

‘ .80 5% cos ? <1'_,) ‘

Shwonrst - T (AB)
R” sin™ o

In Frgure 2 we show the worst-case error sidelobes, along with those tor sur-
face corvelation lengths ol /4 ., 1 oang, 4 in,, and 8 mches,  Hven tor worst -

case correlations the crror sidelobes ol the ANTRO=97A veflector will be helow

M) B tor e - s

! RADC-PR 7T 360, be Rot., bante, Octobe, 1077,

¢

ORADC RETO-TH 2, Rome Pescar. b Corpe, 21 March 106,

Iy che hhameter af the foeod wer
wonld bee s Shown o Pignre A

e 10, anstead ot Aoan, the blockage sidelobe:
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Figure A6, Pattern for Vertical Polarization in the Vertical Plane
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I'igure A7. Radiation Pattern of the AN/TRC-97A Reflector
(12 dB Edge Illlumination)
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Figure A8a, Radiation Pattern of the ANTRO-97TA Rerlector With Blockage 1
bv H-in. Diameter Circular Feed for Two Difterent Fdee Hlunminations,  ihe
12 4B represents the present TRO-07A
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BI ANALYSIS

Appendix B

Analysis of the Effect of Subreflector Blockage
on the Radiation Pattern of a Cassegrain Modification
to the AN/TRC-97A Antenna

In this appendix, we will calculate the sidelobe levels for the AN TRO-97T A

antenna when it is fed in an optimally designed Casseprain configuration,

The

minimum blockage design corresponds to the case when the shadow cast upon the

rnain reflector by the feed is exactly equal 1o the shadow cast by the hvperbaoloidal

subretlector,

vid the equuations

}
A . ! 13
U Tl
) .
! 13 "
I B

whiote I)l’ i< the dingoeter of
3

tenfend at che feed by

the dlistanc e boetweon

he subrefloctor cripe, is the teesdhorn diameter, |
o

the twn

e hivperboloidal subreflector,

¢

foel al the hvperboloid (the tield horn s a0 one o

i

Upon referring to Figure Bl we sce that this condition 1s expressed

(132

0 i= othe angle sub-

1=

the




foci and the other tocus comncides wath the tocus of the main paraboloidal retlector),

F 1s the focal length of the paraboloidal main retlector and § - (I)H,/Z) cot o,
-

1
~ !
N i
~
N
MAIN N

REFLECTOR N

N 4
~
~
N
~

D,r_____________ - — 3
— '
- )
RN BOTH PLAN
i i
REFLECTOR

1
4
Figure Bl. Geometry of the Modified AN/TRC-97A Antenna
If we desire that the edge taper on the hvperboloid (and conseguently or the
paraboloid) is approximately -20 dB3 relative to the illumination at its center, it
%
can be shown that for an optimallv-designed conical feed horn i
E
4
. A . . i
(,‘)~20 - l(—zi- radians (133) i
m 1
)
Ki 950) 1> S, 38:249-251.
King (1950) Proc. 1RE, 38 3]




where A s the signal wavelength, Fquation (133) is valid in the rmagnetic plane of

the horn, and is not quite correct in the electric plane,

If we combine Eqgs. (B1) and (1B2), dlong with the definition of S we obtain

)
| l»'

tan v ———— _’—_,;‘A\__, . (1

24 F - DT oo

38 3]
trinally, using bq. (B3) to express (l'” I terms of 0 we get
-1/2
48 0§ <“L”i>

H — 9 ) (135)

B 1+ tan g cot

tlquation (35) expresses the mitnimum possible blockage dtameter o terms ot the
angle o subtended at the focus by the main reflector edge, and the angle O sub-
tended at the feed by the subretlector (for the case when the subretlector edge
iltumination 1s =20 dB), We also note that once » and @ are chosen the subreflector

eceentricity, ¢, tollows immediately via

—

5 (d + 0)
r (B6) '

sin & (4 - 0)

sin

Also, once 0 is specified the diameter, dm, o the feed horn is piven by Fqg, (B3).
The AN/TRC-9TA has a focal length of approximately 3.2 ft, a wavelength, A,

of 2,51 in, and v = 6+°, Using these values we obtain the results shown in Table 131,

Table B1.

)
E
0 (degrees) Dy () | d () e | —= 0
20 143 1.04 L7s ) st 10. 35
10 141 0. 655 2.5 11 4.6z
40 1. 40 0.521 RRL 0,752 2.8
50 Lol 0,417 6.88 | 0.54 1. 66
50 R 0,348 25.3 | 0,40 1. 16

IFrom Table B1, we see that the mimmum possible subretlector diameter, I)H_
is approximately 1.4 feet. This vesult s refativelv insensitive to the subreflector

ecccentricity, e, From the fast two columns of Table B we also note that the




distance, &, from the feed to the subreflector is generally less than (2 dmz//\).

so that the subreflector is not quite
nearly in the Fraunhofer zone when
reflector, as is evident from Table

At this point we shall calculate

in the Fraunhofer zone of the teed. It is most

the feed is close (high eccentricity to the sub-

B1).

the effect of the subreflector blockage on the

radiation pattern of the main reflector, for the case when the main reflector has

a -20 dB edge taper, This result is shown in Figure BZ, We observe from this

figure that the feed blockage (caused by the hyperboloidal subreflector) produces

near-in sidelobes which are greater than -30 dB, although the tar-out (angles

greater than 4. 77) sidelobes are below -40 dB,

0 —_
-‘oL-
——— BLOCKAGE INCLUDED
~ - -~ WITHOUT BLOCKAGE
B
B -20+
4
x
E
g
g -3
g
i
[+
_4ol-
-50 L 1 /\/\1
0 0.2 025 Qa3 03% 04 045 Q5

ANGLE (RADIANS)

Figure B2. AN/TRC-97A Radiation Pattern With Minimum Blockage
Cassegrain Feed and -20 dB Edge Taper

One might ask if we do any better by "backing-off" to a -14 dB edge taper,

rather than a -20 dB taper. In this case Eq. (B3) is replaced by ¢ -13 =~ 1.4 )\/dm

and we then find that the minimum possible subreflector diameter is D, - 1. 19 feet,

B

However, when we calculate the radiation pattern of the AN/TRC-97A reflector

with this blockage and a -14 dB edge illum:

“on we again get near-in sidelobes

greater than -30 dB (in fact the first sidelo. . s roughly -22 dB3), as is evident

from Figure B3,
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Figure 133, AN/TRC-97A Radiation Pattern With Minimum Blockage
Cassegrain Feed and -14 dB Edge Taper

B2, CONCLUSION AND RECOMMENDATION

Because of subreflector blockage it does not appear possible to design a
Cassegrain-subreflector modification to the AN/ TRCO-07A which will vield o
system radiation pattern with all sidetobes less than =30 dB. 1 this performance

is desired an offset fed system seems to be the simplest alternative

B2.1  Design of the Conical Feed 1lorn

I we should choose ta build the Cassegrain svstem we will need

A tecd-horn

design, as shown below in FFicure B,




2q e L — d
CIRCULAR :,\
WAVEGUIDE \ ~
CONICAL
HORN

Figure B4,

[f we desire only the TE11 mode in the waveguide feeding the horn we must choose

"

"a'" such that

2.61la <A <3,41a, (B7)

because the cutoff wavelength A of the TE11 is 3.41a and that ot the next mode
¢
(TMOI) is 2.6la. If we choose 3a - A we have
2 (2,517
2a = =5 —-g— = L.67 inch, (138)

The dimensions L. and € are determined from the equations given by King (19450)
Proc. IRE, 38:248-51, These are
e el At

| . 0.3 dm (BY)

X0 D ’
d 2

L .03 [+ ki (B10)

X . -~

- Y (B11)
d =
b ()]

,J 2]
. . n _ @ )
o= 0.3 A {1 ‘ (—/\ ) W . (11




As an example, consider the design for the case when ¢ - 6, 88 in Table 131,

In this case (dm/M - 1,49 so that

(}f) S,

( o
X 1, 49,
cos Y 0.748,
Y 37,
and
/) "
(,\-) 0.936.

B2.2  Example of Hyperboloidal Subreflector Design

The hyperboloid is designed as shown in Figure 15,

HYPERBOLOID SATISFYING
(Y2+22)  Fc2

y X2 - y
3 e2_, 2e
(
! T
1
i
I
|
FEED \ D
_{/ Xq
— a —ia
. L S N
—_ 3 X )
' 1
i ! } FOCAL
! ' POINT
i C OF
| i MAIN
i , REFLECTOR
| 1
! {
1

Figure 15
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In Figure B5, a = (F /2e) 6 = (FC/2) + a and

S\ 2 2 12
" Fo g
B T —
TR

If we choose to design the system in Table Bl for which ¢ 6,85 we have

Foooo0,946 1t l)H 1,411, a- 0.0687 ft, & = 0.541(t, and ‘\“ 0. 124 feet,
-
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